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We, The Lamson & Sessions Company, a 
corporation organized under the laws of the 
State of Ohio, one of the United States of 
America, of 5000 Tiedman Road, City of 
5 Cleveland, County of Cuyahogn, State of 
Ohio, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 

10 be particularly described in and by the 
following statement : — 

The present invention relates to fasteners 
and, more particularly, to a high tensile 
fastener having a bearing relationship with 

15 the hoist member or members for the 
fastener. 

Attempts have been made to provide a 
fastener, such as a bolt, which has a threaded 
portion to which a nut is applied and a 
20 shank received by the member or members 
of the joint being connected by the fastener, 
so that the shank thereof would have a bear- 
ing relationship with the host material for 
the fastener. In some cases, attemps were 

25 made to obtain this bearing relationship by 
providing the shank with knurls or projec- 
tions which had interference with the 
receiving or host member. In these cases, 
however, the knurls have sheared badly 

30 and / or effected a detrimental notching of the 
side wall of the hole receiving the fastener 
and have provided little resistance to back 
out or turning, or the interference has been 
such as to prevent the driving of the fastener 

35 into the receiving hole under commercial 
conditions. The notching of the receiving 
hole has, heretofore, resulted in a decrease 
in the resistance of the connection to fatigue 
and has adversely affected the susceptibility 

40 of the connection, to low temperatures. 
Furthermore, the knurling has been such as 
to tend to seriously contribute to the buirrjing 
. of the bolt threads upon insertion into 
misaligned ' apertures, and such as to 

45 seriously limit the extent to which the hofe 



oaa 'be misaligned and yet receive the bolt. 

While the bearing relationship witho.it 
notching can, perhaps, be obtained by 
accurately reaming the receiving hole or 
holes to the size of the fastener, this is 50 
usually unfeasible for commercial purposes. 
Because of the above problems, what is 
commonly termed the high structural bolts 
has become the accepted fastener in. the 
structural and related fields. This bolt is 55 
designed so that there is clearance between 
the shank of the bolt and the host members 
connected thereby and the host members are 
held together due to the : clamping force 
produced by torquing the nut thereon and 60 
placing the bolt under tension which acts 
through friction between- the connected 
members to prevent relative movement 
between the members. 

One of the problems with the high strength 65 
structural bolt is that it permits slipping 
between the members connected by the bolt. 
This is due to the fact that there is no sub- 
stantial bearing relationship between the 
shank of the bolt and the connected members 
and the connection relies entirely on the 
clamping pressure of the nut acting through 
the friction between the connected members 
to maintain the joints in their originally con- 
nected relationship. In joints where there is 
a short work thickness, little strain . and 
elastic grip can be provided by the short bolt 
and the joint will loosen readily.. Further- 
more, if the coefficient of friction of the 
connected members is low, the high strength 80 
structural bolt may permit slipping as a 
result of very little turning force. 

The high strength structural bolt further 
presents a problem because most building 
codes will not allow paint under the head of 
the bolt. Paint tends to promote slipping. It 
is often desirable to be able to paint mem- 
bers before they are assembled, but if high 
strength bolts, or other bolts with clearance . 
between the shank and the host members are 90 
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ing relationship with the host material for 
the fastener. In some cases, attemps were 
made to obtain this bearing relationship by 
providing the shank with knurls or projec- 
tions which had interference with the 
receiving or host member. In these cases, 
however, the knurls have sheared badly 
and /or effected a detrimental notching of the 
side wall of the hole receiving the fastener 
and have provided little resistance to back 
out or turning, or the interference has been 
such as to prevent the driving of the fastener 
into the receiving hole under commercial 
conditions. The notching of the receiving 
hole has, heretofore, resulted in a decrease 
in the resistance of the connection to fatigue 
and has adversely affected the susceptibility 
of the connection to low temperatures. 
Furthermore, the knurling has been such as 
to tend to seriously contribute to the burring 
of the bolt threads upon insertion into 
misaligned apertures, and such as to 
seriously limit the extent to which the botes 
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strength 
slipping 
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This is due to the fact that there is no sub- 
stantial bearing relationship between the 
shank of the bolt and the connected members 
and the connection relies entirely on the 
clamping pressure of the nut acting through 
the friction between the connected members 
to maintain the joints in their originally con- 
nected relationship. In joints where there is 
a short work thickness, little strain and 
clastic grip can be provided by the short bolt 
and the joint will loosen readily. Further- 
more, if the coefficient of friction of the 
connected members is low, the high strength 
structural bolt may permit slipping as a 
result of very little turning force. 

The hish strength structural bolt further 
presents a problem because most building 
codes will not allow paint under the head of 
the bolt. Paint tends to promote slipping. It 
is often desirable to be able to paint mem- 
bers before they are assembled, but if high 
strength bolts, or other bolts with clearance 
between the shank and the host members are 
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used, masking techniques must be employed 
to keep the members free of paint adja- 
cent the holes for receiving the bolts, 
furthermore, when the connected joints must 

5?™ t^ d t? 6C ? ,C ^ cond ' uc tivity. it is neces- 
sary that the shank as well as the nut and 

h -?K ° f the bolt be in dire <* engagemS 
with members of the joint since the normal 
clearance between the shank of a high 
10 strength structural bolt and the members of 
ttie jomt provides an air space which func- 
tions as an electrical insulator 
In addition to the above problems. - the 
■/ high strength structural bolt, and other 
15 fasteners in the structural field, have 
required two men to make a connection. 
hniH ?f U u S re< l uired to ^sert the bolt and 
?™r the . head thereof, while the other man 
in P the ? Ut u to . the thread end of the 

Jlv Even m those ^plications where the 
conditions were such that the prior art 
fasteners having knurls thereon which inter- 
fered with turning of the bolt in the receS 
25 h e nf,Lw° Uld - be T d ' two men would bf 
ShSSSw SII? i S , the bearin e relationship 
pbtamabte with fasteners heretofore known 
is not sufficient to prevent the .rotation of the 
bolt when the nut. is applied and torqued 
As a result, such bolts had to be driven m 
H^ re ,/ Ightenin S the nut with great 
thfnut! 7 ' ^ bOJt hcM wMe ■•K'SS 

.i^SSr D f to the P resen t invention there is 
35 EE d&1 \ fasten <* for connecting a pair of 
35 host members having holes herein for 

ItfJZ^t ^ aStener - * aid fastener having a 
* ^ Ch ^ t0 56 received the hofes 
and a threaded portion disposed adjacent 

40 wa?divTt d \ 0 , f Shank t<> extend out- 
40 wardly of the holes to receive a nut to apply 

^P :n S Pressure to said host members, 
said shank having a maximum diameter a? 

sssfVff 1 to bu ^ than 1116 

diameter of the receiving holes and a 
££ r 2$ r n f ^ P^iections thereon extend- 
mg radially therefrom to interfere with the 
material of the host members adjacent said 
holes, wherein the outside diameter of said 
knurl projections is a maximum at a portion 

end of d thI C i* e ° f the shank *e em?J 
h"fn f he ^"ied portion of the shank 
being tapered from the relatively small out- 

l?v? m ?? r adjacent the. entry end of the 
snank to the maximum outside diameter of 
55 the knurl projections and the trailing part of 
the knurled portion of the shank being 

hafof SU\ a dkmeter Sl ^ htl y smaUer thaf 
that of the hole fonvardly and outwardly 

m ln.,H max ™ um outside diameter of the 
60 knurl projections. 9 .. 

The present invention provides a bolt for 
use m structural, or similar joints, which will 
perform substantially as well as, or better 

fi5 Si, 6 C0 " V€ntl0nal stren Sth bolt, but 
65 which can be more readily assembled and 



will not be subject to slip. 
f~ Th * P resent . invention also provides a bolt 
for structural joints and the like which has a 
high bearing relationship with the host mem- 
bers of the joint and can be drawn or driven 70 
such as by applying a nut and torquing the 
same, into position, even though the receiv- 
ing holes in the joint members are somewhat 
misaligned. 

J5^ erm< * e ; the present invention 75 
provides a bolt as in the preceding para- 
graphs which interferes with the receivine 
members and is constructed to cold work 
the metal of the receiving members, as the 

SS^w^ tC> a ?. extei " and in a manner 80 
such that the notching resulting from the 
high interference does not have an adverse 
effect on the joint. : 

uJJ 1 ? pr f? en j "lotion further provides a 
bolt for structural joints and the like which 85 
is designed to have high interference with its 
receiving hole and which is tapered for a 
substantial port on preferably at both ends 
of the length of its knurled shank to facilitate 
its entry into misaligned holes and the 90 
aligning of the bolt after entry, the bearin- 
relationship due to the interference providing 
sufficient resistance to turning while the bolt 
is being inserted so that the bolt may be 
drawn into the receiving holes and tensioned 95 
&? PJ?1 F? S a ? Ut to the threaded end of the 
bolt and torquing the same without faoldin- 
the head of the bolt and with little or no 
danger of stripping the bolt threads or 
cocking the bolt head. ino 

a S/ Urtb f r * ^ present invention provides 
a bolt for structural joints and the like havine 

SShl^ n ?t - Shank designed to interfere 
with the receiving members and which is so 
constructed that the bolt is able to rock to i 0 5 
straighten itself when inserted into mis- 
aligned holes m the receiving members 
- further advantages of the present inven- 
SSSn?ft be . a PP arent from the following 
d n J a i^. deS T ptl ° n ° f the preferred, embodi- HO 
ment thereof made with reference to the 
accompanying drawing in which : 

Fig 1 is an elevational view of a bolt 
embodying the present invention and illus- 
trating the use of the bolt to connect plate 115 
members shown m dot-dash lines; 

Fig. 2 is a sectional view taken along the 
cresthne of the knurl elements of the bolt in 

Figure 3 is an enlarged plan view of a l?n 
portion of the bolt in Fig. 1- 120 

4 _2 g of 4 Fig a 3 SeCti0nal view te ken along line 

*u F & 5 1™, a sectional rview of a plate after 
the knurled shank of the bolt of Fig. 1 has P 5 
been inserted into a hole therein- 
, Figs. 6, 7 and 8 illustrate the steDs of 
JSgJfr Wt ot Fig. 1 in riSjJd 
holes m a pair of plates to be connected; 
r*ig. y is a fragmentary sectional view 130 
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showing a modified form of knurling; and 

Fig. 10 also shows a modified form of a 
knurl projection. 

In accordance with the present invention, 
i 5 a fastener for connecting members, such as 
a pair of metal plates, and having a threaded 
portion for receiving a nut to clamp the 
plates together, is provided with a shank 
portion that is knurled to provide radially 
10 extending projections thereon which are 
designed to have interference with the host 
members receiving the bolt when the bolt is 
inserted into receiving holes in the host 
members. The knurl projections are prefer- 
15 ably constructed so that they cold work the 
metal surrounding the hole into which the 
bolt is inserted as the bolt is driven or 
drawn into the hole and the construction is 
such as to permit the fastener to be inserted 
20 in spite of the relatively high interference 
and without effecting a detrimental shearing 
of the projections, and so that the fastener 
after insertion has a high resistance to turn- 
ing and withdrawal. In the preferred 
25 embodiment, the projections converge radi- 
ally outwardly of the body of the fastener 
and are provided with a convexly curved 
entry face which faces axially in the direction 
of entry movement into the receiving hole 
30 and which has a relatively narrow portion 
adjacent the high place or point of the 
knurl projection and extends forwardly and 
downwardly from the high point with the 
portion adjacent the base thereof being 
35 relatively wide as compared to the portion 
adjacent the top or high place of the knurl. 
The knurl projections each have a trailing 
face, in the preferred embodiment, which is 
inclined forwardly from the body of the 
40 fastener, and side faces which are, prefer- 
ably, convexly curved. 

To facilitate the insertion of the fastener, 
the entry end of the knurled portion is 
tapered from a relatively small outside dia- 
45 meter adjacent the entry end to a maximum 
outside diameter at the central portion of the 
shank. Preferably, the entry taper extends 
for approximately one-third of the knurled 
portion. With a tapered entry end, the 
50 initial interference of the knurls in normal 
grip thickness is such that the fastener can 
be readily inserted to a point where a nut 
can be applied to the threaded end of the 
fastener to draw the bolt into its receiving 
55 holes. Orten, the receiving holes of the host 
mernbers are misaligned, and the entry taper 
facilitates the insertion into such holes. 
When a bolt is inserted into misaligned holes, 
it may cock, which is an undesirable condi- 
60 tion in which to leave the bolt. ' In 
accordance with one feature of the invention, 
the trailing part of the knurled portion is 
also provided with a taper. This trailing 
taper extends from a diameter slightly 
65 smaller than that, of the hole at the trailing 



end of the knurled portion forwardly and 
outwardly to the intermediate part having 
the maximum outside diameter. The trailing 
taper may be shorter than the entry taper and 
the intermediate part of the maximum out- 70 
side diameter may be displaced axially 
rearwardly of the midpoint of the knurled 
portion. When the bolt is drawn or inserted 
into misaligned holes, the compound taper 
thereon will allow it to rock in its receiving 75 
aperture and to straighten itself so that the 
fastener will be perpendicular to the receiv- 
ing members. Although providing this- bolt 
with a compound taper decreases the inter- 
ference between the bolt and its host 80 
members, the knurl projections described 
herein have sufficient holding power and 
bearing relationship to achieve the afore- 
mentioned objects even though the knurled 
portion is tapered in the manner set forth. 85 

Furthermore, the knurled portion of the 
fastener, which preferably has a length 
approximately equal to the thickness of the 
members connected thereby has a portion of 
maximum outside diameter intermediate its 90 
ends with its outside diameter decreasing 
proceeding from the portion having maxi- 
mum outside diameter toward either end. 
Preferably, the knurled portion has a taper 
which extends rearwardly and outwardly 95 
from the entry end of the knurled portion 
for, preferably, approximately one-third the 
length of that portion of the fastener received 
by the members connected by the fastener. 
The knurled portion may be described as 100 
barrel-shaped and this shape facilitates the 
insertion of the fastener into misaligned 
holes of a pair of members to be connected 
by the bolt. 

The knurl projections described above are 105 
preferably formed by rolling, and inclined 
rear faces of the preferred knurl projections 
provide relief to prevent packing of the 
material and, in addition, the projections are 
preferably arranged in helical rows with the 1 10 
projections of each row being spaced. The 
helical rows of knurls produce helical 
grooves having rounded bottoms in the side 
walls of the receiving openings. The round 
bottoms are produced because the knurls 115 
cause the bolt to turn as it is inserted and 
the turning causes the curved frontal sec- 
tions of the elements; of each helical row to 
generate a rounded groove bottom. The 
cold working of the material around the \20 
receiving opening is accomplished to such 
an extent that the resultant joint is not 
subject to a decrease in resistance to fatigue 
because of the notching of the side walls of 
the receiving hole. Furthermore, the fastener 125 
after being inserted even partially into the 
receiving opening, has such high resistance 
to withdrawal and turning that the fastener 
can actually be drawn into the opening by 
turning a nut applied to the threaded end 130 
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thereof without holding the fastener against 
rotation*. In fact, the fastener caa be ten-, 
sioned by torquing the nut aod without 
holding the fastener. 
5 As one practical embodiment of this 
invention, Fig. 1 of the drawing shows a 
headed member or bolt 10 having interfering 
projections or knurling 11 thereon. The bolt 
10 is here shown as being of the above- 
10 mentioned bearing bolt type and comprises 
a stem 12 having a head 13 at one end there- 
of and a threaded portion 14 at its other end. 
The knurling 11 is carried by the inter- 
mediate portion or shank 16 of the stem 12 
15 and extends therealong for a desired 
distance, in this case the knurling being 
shown as extending for substantially the full 
distance between the head 13 and the 
threaded portion 14. 
20 Fig. 1 of the drawing illustrates one use of 
the knurled bolt 10 and in this use the bolt 
extends through bolt holes 15 provided in a 
pair of plate members 17 and 18 and clamp- 
->< [ ngl j£ olds the P late members between the 
25 head 13 and a nut 19 applied to the threaded 
stem portion 14. The knurled shank 16 of 
the stem 12 is here shown as being of sub- 
stantially the same axial length as the 
■ combined bolt holes 15. The knurling 11 
30 produces a desired strong connection 
between the bolt and the plate members 17 
and 1 8 wlien the bolt is driven or drawn into 
the bolt hole 15, such that the bolt will be 
held against rotational and withdrawal move- 
J* ments relative to the bolt hole. 

The knurling 11 preferably comprises co- 
extending axial rows of knurl projections or 
elements 21 which are formed or swaged 

t u fn 35 *" 5 ?? ° f , the metaI of ^e stem of the 
40 bolt 10. The knurl elements 21 can be 
formed on the shank of the stem 12 by any 
suitable method of operation and tools, such 
as by a rolling operation between cooperat- 
mg knurling dies, during which the elements 
45 are swaged or generated on the stem. After 
the knurl elements 21 and the thread 14 have 
been farmed on the stem 12, the bolt 10 may 
be suitably hardened by any appropriate 
known hardening procedure. 
50 The described knurl elements 21 extend 
along the shank of the stem 12 in the general 
direction of the longitudinal axis thereof and 
converge radially outwardly from a base 21a 
at the shank of the bolt to an apex or place 
55 of maximum height adjacent the trailing end 
of the projection and have frontal sections 
or tops 22 thereof sloped or tapered from 
the apex to a minimum height at the other 
end such that each knurl element has a 
60 relatively low entry end 23 leading the 
knurl projection when moved in the direction 
of the axial movement of the knurled portion 
when the latter is being drawn or driven into 
the opening of the associated part, said a 
65 relatively high trailing or buttress end por- 



tion 24 facing in the opposite axial direction 
and which cooperates with the wall of the 
opening for resisting turning and withdrawal 
movements, as will be further explained 
hereinafter. The base 21a of each knurl 70 
element is of substantially rectangular con- 
figuration and has, therefore, a substantially 
uniform width throughout its length. 

The knurl elements 21 are formed with the 
sloping tops 22 thereof convexly curved for 75 
a substantial or major portion of their full 
length, as is .shown in Fig. 2 of the drawings. 
The curved tops 22 provide convexly curved 
entry faces or frontal sections facing in the 
forward direction. This convex curvature 80 
can be of a suitable radius and is important 
in that it facilitates the movement of the 
knurled portion of the bolt into the opening 
of the associated part. The center 26 of the 
radius line 25 of the curved top 22 lies on 85 
the axis of the bolt at an intermediate point 
of the length of the knurl element 21 and is 
preferably located relatively closer to the 
buttress end portion 24. In the preferred 
form, the curvature of the tops or faces 22 90 
is such that the faces approach the portion 
or apex of the knurl element in a generally 
tangential relationship with respect to the 
high portion so that the entry end will be 
generally tangential with the side waH of the 95 
receiving opening for the knurled bolt when 
the latter is inserted therein. The tops 22 of 
the knurl elements, in addition to being 
curved, are, when viewed in plan, relatively 
narrow at their ends adjacent the high point 100 
and relatively wide at their forward ends 
adjacent the base of the projections and may 
include a fiat 22' at the narrow end thereof. 
The buttress end portion 24 of the knurl 

■ e J? e H 2 * has an inclined transverse end 105 
wall 28. The end walls 28 of all of the 
knurl elements 21 of a given row of such 
elements face in the same axial direction and 
the perimeter of the end wall defines an 
edge 29 on each knurl element. The inclin- lin 
ation of the end wall 28, as represented by 
the angle 28a of Fig. 2, is here shown as 
being aproximately 15° but can be varied 
and can be either a larger or smaller angle 
if d&sirtd. The exposed edge 29 extends 115 
transversely of the knurl element, as shown * 
in Fig. 3, and. follows the shape of the 
buttress portion 24, which may be substan- 
tially triangular as shown in solid lines in . 
Fig. 4, or which may have arched sides as 120 
shown in dot-dash lines in Fig. 4 and as 
shown in Fig. 9. The arched sides in Fig. 
4 have been designated by the reference 
numeral 30. 

From the shape Qf the knurl element 21 125 
as thus far described, 'it will be seen that 
this knurl element is a sloping solid segment 
having a truncated relatively high end at the 
rear or trailing end thereof and providing a 
rearwardly facing inclined end wall 28, and 130 



891,807 



5 



also having a forwardly and downwardly 
sloping entry portion or lead end providing 
a convexly curved ent^y face, narrow at the 
apex as compared to its width at the base. 
5 If desired, the top or entry face 22 of each 
knurl element may be formed with side 
portions 31 which intersect along the longi- 
tudinal center line of the element and define 
a longitudinal apex ridge 32. As shown in 

10 Fig. 9, this apex ridge extends axially along 
each knurl element for substantially its full 
length, that is to say, from the high midpoint 
of the transversely arched shearing edge 29 
of a given knurl element to the lower edge 

15 or base at the forward end of the element 
One of the dominant characteristics of the 
individual knurl elements 21 is considered to 
be the convexly curved entry face and the 
transverse shearing edge 29, together with 

20 the inclined end face 28. As has already 
been indicated above, the convexly curved 
entry face or top of the knurl elements 
facilitates the entry of the knuriied portion* 
into the opening of the associated part when. 

25 the knurled article is -being driven there- 
into. When inserted, the knurl element is 
indented into the internal wall of the. open- 
ing during the driving of the knurled portion 
thereinto, such as to form a strong interlock 

30 between the knurled portion and the 
associated part # for preventing relative turn- 
ing therebetween. The exposed shearing 
edge 29 bcomes pressed against, or indented 
into, the internal wall of the owning during 

35 the driving of the knurled portion thereinto 
and, because of its rearwardly facing direc- 
tion on the knurled portion, it strongly resists 
back-out movement of the knurled portion 
relative to the opening. 

40 Another characteristic of the knurling 11 
is that the knurl projection, because of its 
shape and relatively larg£ shear area 
adjacent its outermost end, strongly resists 
shearing as the knurled shank is driven or 

45 drawn into the receiving member, and both 
the elastic and plastic distortion of the knurl 
elements 21 will occur during the diving 
Although some shearing of the knurl 
elements may result from the driving, the 

50 construction, is such as will provide minimum 
damage to the knurl elements and such 
distortion of the elements as does actually 
occur will contribute to the holding power 
of the knurling in the opening of the asso- 

55 dated part. Thus, when the metal of the 
knurling is harder than the metal of the 
associated part, the rigid fops of the knurl 
elements will indent into the internal wall 
of the associated part and the distortion of 

60 the knurl elements will consist mainly of 
an elastic distortion, such that the tendency 
for the metal of the knurl elements will be 
to spring back to its original shape and 
condition, thereby pressing the fops of the 

65 knurl elements firmly against the associated 



part. 

When the metal of the associated part, into 
which the knurled portion is driven is as 
hard as or harder than the knurled article, 
the deformation of the knurl elements 21 70 
will' consist* at least to some extent, of a 
plastic deformation. This plastic deforma- 
tion occurs while the knurled portion is 
being driven into the opening and causes 
portions of the tops of the knurl elements 75 
21 to be forcibly pushed or swaged rear- 
wardly, such that the shearing edge 29 more 
or less overhangs the end wall 28 to con- 
stitute a hooklike portion- or overhang. The 
creation of this hooklike characteristic on 80 
the buttress portion 24 occurs at the same 
time that the top of the knurl elements is 
being pressed against and indented into the 
internal wall of the associated part, such that 
the hooklike portion, wl produce a strong 85 
interlock with the associated part and will 
resist back-out movement of the knurled 
portion. 

The resistance of the disclosed knurl 
projections to shear will be appreciated 90 
when it is noted that the knurl projections, 
because of the curved top, have a relatively 
large shear area adjacent their apexes. The 
dotted line A in Fig. 2 indicates the designed 
line of interference of the side wall of the 93 
receiving opening with the knurl projections 
and it will be noted that the Shear area of 
the knurl is not seriously affected if this line 
is shifted radially outwardly or inwardly 
within the outline of the knurl. Therefore, 100 
the proper operation of knurling is not 
dependent on exact hole sizing, and the bolt 
10, therefore, is less sensitive to hole sizing 
than , bolts of the same type having other 
types of knurling thereon. 105 

The resistance of the knurl elements to 
shearing is also aided by the inclined rear 
walls 2$ . These walls may be said to func- 
tion as buttresses for the knurl elements. 

It has been found that knurl elements of 110 
the type disclosed when on the shank of 
fastener or bolt effect a cold working of the 
host material, when designed to interfere 
therewith and of the proper hardness, as the 
fastener or bolt is inserted, which cold work- 1 15 
ing overcomes any decrease in resistance to 
fatigue which might be. caused by the notch- 
ing of the host material, i.e., the members 
17, 18. This is true in spite of the fact that 
the notching is in a direction normally con- 120 
sidered most detrimental to the connection. 
Furthermore, the notching does not 'render 
the joint susceptible to fatigue at low 
temperatures as would otherwise normally be 
exipected. 125 

As shown in Fig. 1, the rows of the knurl 
elements 21 are disposed so as to extend 
•helically along the stem 12 at a suitable 
pitch angle with the elements of each row 
spaced from each other by a groove as .130 
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indicated at 34. In the drawings, the pitch 
angle of the rows is shown as being 10° but 
this can be varied as desired or to suit the 
requirements of the products under con- 
5 sideration. The helical arrangement of the 
rows of the knurling 11 is important because 
it provides for a turning of the bolt as it is 
driven or drawn into the receiving or host 
member. Thus, during the driving or draw- 
10 ing of the knurled portion into the opening 
of the associated part, the rows of elements 
will displace the host material to form 
grooves which will have rounded bottoms. 
■ -[he rounded bottoms are provided because 
15 the curved entry faces are rotated about the 
bolt axis as the bolt is inserted. Fig 5 
shows a section of plate 17 which illustrates 
the grooving effect of the knurl on the bolt 
ox Fig. 1. As can be seen from Fig. 5, the 
20 grooves, designated by the reference numeral 
33, formed by the knurling have a lead 
thereto because of the turning of the bolt 
and have rounded bottoms. The helical 
arrangement of the knurls also increases 
25 tne resistance of the bolt to axial push-out 
forces since each element when urged in an 
axial direction tends to cut an individual 

?ul , he knurl helix lead is also such that 
the bolt rotates in the same direction that 
30 a nut is rotated to thread it onto the bolt 
The forces Jerquing the nut then act through 
the helical knurling to pull in the bolt. The 
turning of the bolt also aids in overcoming 
the resistance to the insertion of the bolt. 
• }. d^n^ons and proportions of the 
individual knurl elements 21, as well as the 
spacing of the adjacent rows of those 
elements, can be varied as desired in' the 

dn iSF a art f le t0 . Suit size - ^rdness, 
40 and other characteristics of the knurled bolt 

and of the associated part with which it is to 

be used. 

The outside diameter of the knurled shank 
of the bolt 10 is in accordance with the 

45 present invention tapered for a substantial 
part of the length thereof from a point inter- 
mediate the ends of the knurled shank to a 
smaller knurled shank diameter adjacent the 
f hr 5? ded Portion of the fastener to provide a 

50 leading taper; preferably, the leading taper 
is about one-third the length of the knurled 
shank, This Reading taper is indicated by 
angle .35 in Fig. 1. The taper is provided 
Pf^n 1 ? to facilita ^ the insertion of the 

?7 10 mt ° r f eiving holes in the members 
17, 18 particularly when the holes are mis- 
aligned, as in Fig. 6. In Fig. 6, the outside 
periphery of the knurled portion is indicated 
by dotted lines 36. 

60 The outside diameter of the knurled shank 
also progressively decreases proceeding rear- 
wardly from the central part having the 
maximum outside diameter. The trailing 
taper provides, clearance or relief which 

65 facilitates the rocking of a cocked bolt in 



misalinged receiving holes to effect the 
straightening of the bolt. Figs. 6, 7 and 8 
illustrate the insertion of the bolt in mis- 
aligned holes 40 in plates 41, 42 to be con- 
nected by the bolt. The outline of the 70 
outside diameter .of the knurling is indicated 
diagrammatically in Figs. 6, 7 and 8, and the 
trailing taper line has been designated by 
the reference numeral 43 and is clearly 
shown in Fig. 2 as inclined with respect to 75 
the line of miximum knurl diameter that 
extends parallel to the bolt axis, the view of 
Fig. 2 being a sectional view taken along the 
cresthne of an axially extending row of 
knurl projections. g 0 

As can be seen by reference to Fig. 6, the 
leading taper on the knurled shank of the 
bolt will allow the leading end of the bolt 
to be inserted to such an extent that the 
leading end of the bolt is beyond the 85 
shoulder provided by the misaligned holes 
for many holes where this would not be 
possible without the taper. In the absence 
of a leading taper, the knurled portion tends 
to immediately center the bolt in the hole of 90 
the first member 41 and does not facilitate 
its cocking to allow the entry end to pass 
beyond the shoulder caused by misalign- 
ment of the holes in members 41 and 42 
Furthermore, in the absence of a leading 95 
taper, the forces tending to . straighten the 
bolt as it enters and goes through member 
42 are such to cause an extreme burrin* of 
the threads when the bolt is driven or pulled 
home even though the misalignment is such 100 
as to permit the leading end to be inserted 
to a point beyond the member 41 before the 
knurled portion engages the member 41 and 
rights the bolt. It can be seen, therefore 
that the entry taper facilitates the use of a 105 
bolt with holes having a misalignment which 
would m practice preclude the use of a bolt 
having a knurled shank designed to inter- 
fere the same amount for the entire shank 
length with the host members and not 1 10 
having an entry taper thereon as it would 
require excessive and costly reaming or 
drifting of the holes. Furthermore, the 
forces required to right the bolt due to the 
driving or drawing of the bolt into the 1 15 
aperture are not as great with ah entry taper 
and the burring of the threads when the 
bolt is inserted into misaligned holes is 
minimized. 

It is important, when the bolt has been 120 
driven or drawn home, that the bolt be 
straight, i e., its axis perpendicular to the 
plates. The trailing taper on the knurled 
shank facilitates the rocking of the bolt to 
a straightened position. Fig. 7 shows the 125 
bolt inserted to a point where the head is in 
engagement with the. member 41 and 
illustrates the cocked position which the bolt 
has assumed during the initial steps of inser- 
tion to allow the threaded portion thereof to 130 
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clear the shoulder provided by the mis- 
aligned hales in the plates 41, 42 and 
because of the forces set up during insertion, 
while Fig. 8 shows the bolt after it has 
5 rocked to a straightened position. It will be 
noted that during the rocking movement, the 
knurls on those portions of the bolt which 
may be considered as leading the bolt in its 
rocking movement tend to embed themselves 

10 by moving sideways into the side wall of 
the receiving hole. Under these conditions 
the knurls can be said to have a movement 
which includes a sideways component as 
well as an- axial component. 

15 The trailing taper of the knurled shank 
may be provided by suitable and well-under- 
stood operation of the rolling dies and the 
knurl projections, particularly along the 
trailing taper, may have flats, as shown in 

20 Figs. 2 and 3 and designated by the 
reference numeral 22', due to the under- 
filling of the dies. The entry end 23 of each 
projection will, however, be a radius curve 
that extends from the flat to the base of the 

25 projection as is evident from Fig. 2 and if 
extended, approaches the line of maximum 
knurl diameter in a generally tangential 
manner. The trailing and entry tapers may 
be cut in the rolling dies and if this is done, 

30 the knurl elements on the tapers will, in 
forming or ^waging the bolt, be filled out and 
have substantially the. same formation as 
those on the part of maximum diameter. 
The knurl elements of the trailing taper of 

35 such a fastener are shown in section in Fig. 
10. It will be noted from Fig. 1 that the 
knurl elements on the leading taper may also 
have flats due to underfilling of the dies. 
While the tapering of the ouside diameter 

40 of the knurled portion in the manner 
described decreases the amount of inter- 
ference between the host member and shank 
of the bolt, knurl projections as described 
herein provide sufficient holding and bearing 

45 to resist back out and turning sufficiently 
enough to enable the nut on the bolt to be 
torqued without holding the head of the 
bolt. This is particularly important where 
the bolt is a headless bolt which has no 

50 head to hold. 

A bolt as described' is particularly useful 
for connecting metal plates in structural 
apolications, and a bolt in this type of 
aaplication is preferably a high carbon bolt 

55 so that the material of the knurl projections 
is relatively hard as compared to the 
material of the plate to be connected and 
effects a cold working thereof as the bolts 
are inserted into their receiving holes. It 

60 will be understood, however, that if the bolt 
is used in applications where the cold- 
working effect is not desired, the particular 
configuration of the knurl elements will have 
the advantage of minimizing the sensitivity 

65 of the bolt to the diameter of the hole size 



and will reduce the force necessary to insert 
the bolt into the material for a given amount 
of interference. 



WHAT WE CLAIM IS: — 

1. A fastener for connecting a pair of 70 
host members having holes therein for 
receiving the fastener, said fastener having 

a shank which is to be received in the holes 
and a threaded portion disposed adjacent 
and forwardly of the shank to extend out- 75 
wardly of the holes to receive a nut to apply 
a clamping pressure to said host member, 
said shank having a maximum diameter 
approximately equal to but less than the 
inside diameter of the receiving holes and a 80 
plurality of knurl projections therein extend- 
ing radially therefrom to interfere with the 
material of the host members adjacent said 
holes, wherein the outside diameter of said 
knurl projections is a maximum at a portion 35 
intermediate the ends of the shank the entry 
end of the knurled portion of the shank 
being tapered from the relatively small 
outside diameter adjacent the entry end of 
the shank to the maximum outside diameter 90 
of the knurl projections and the trailing part 
of the knurled portion of the shank being 
tapered from a; diameter slightly smaller than 
that of the hole forwardly and outwardly to 
the maximum outside diameter of the knurl 95 
projections. 

2. A fastener according to claim 1 , 
wherein approximately one-third of the 
knurled shank is disposed forwardly of said 
portion of maximum outside diameter. 100 

3. A fastener according to claim 1 or 2, 
wherein each of the projections is an 
integral projection having a shape converg- 
ing radially outwardly of said shank from a 
base lying at the junction of the projection J 05 
with said shank and including a forwardly 
inclined rear face and a top comprising an 
apex and an axially extending entry portion 
extending forwardly and downwardly from 

the apex along a convex curvature from a 110 
point of maximum radial height at the apex 
to a point of minimum radial height, the 
apex of each of the projections being located 
at an intermediate point of the axial length 
of the projection with the point being 115 
displaced from the entry end of the projec- 
tion and the axially extending entry portion 
extending for a substantial portion of the 
axial length of the projection and when the 
projection is viewed in plan having a rela- 120 
tively narrow portion adjacent the apex and 
a relatively wide portion adjacent the 
forward end of the base. 

4. A fastener according to claim 3, 



wherein the base lies at the junction of the 
projection with said shank, and the top apex 
is disposed intermediate the ends of the base 
thereof. 

5. A fastener for connecting a pair of 
hozt members, having its .parts constructed 
and arranged substantially as hereinbefore 
described with reference to the accompany- 
ing drawings. 
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